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(54) Protective coating for high-intensity metal halide discharge lamps. 

(57) A protective coating of suitable composition and thickness is applied to the inner surface of the arc 
tube of a high-intensity, metal halide discharge lamp in order to avoid a substantial loss of the metallic 
component of the metal halide fill and hence a substantial buildup of free halide, thereby extending the 
useful life of the lamp. A preferred lamp structure includes a fused silica arc tube with a silicon coating. 
The silicon coating is preferably applied to the arc tube using a chemical vapor deposition process. 
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Related Applications 

This application is related to commonly assigned 
U.S. patent application of H.S. Spacil and R.H. WB- 
son, docket no. RD-20,285, and to commonly assig- 5 
ned U.S. patent application of V.D. Roberts, D.A. 
Doughty and J.L. Myers, docket no. RD-20,386, both 
applications fDed concurrently herewith and incorpo- 
rated by reference herein, corresponding European 
applications being co-filed herewith. 10 

The present invention relates generally to high- 
intensity, metal halide discharge lamps. More particu- 
larly, the present invention relates to a protective 
coating for a high-intensity, metal halide discharge 
lamp for extending the useful life of the lamp. 15 

Background of the Invention 

In operation of a high-intensity metal halide dis- 
charge lamp, visible radiation is emitted by the metal- 20 
lie component of the metal halide fill at relatively high 
pressure upon excitation typically caused by passage 
of current therethrough. One class of high-intensity, 
metal halide lamps comprises electrodeless lamps 
which generate an arc discharge by establishing a 25 
solenoidal electric field in the high-pressure gaseous 
lamp fDl comprising the combination of a metal halide 
and an inert buffer gas. In particular, the lamp fill, or 
discharge plasma, is excited by radio frequency <RF) 
current in an excitation coil surrounding an arc tube so 
which contains the fill. The arc tube and excitation coil 
assembly acts essentially as a transformer which 
couples RF energy to the plasma. That is, the exci- 
tation coil acts as a primary coil, and the plasma func- 
tions as a single-turn secondary. RF current in the 35 
excitation coil produces a time-varying magnetic field, 
in turn creating an electric field in the plasma which 
closes completely upon itself, i.e., a solenoidal elec- 
tric field. Current flows as a result of this electric field, 
thus producing a toroidal arc discharge in the arc tube. 40 

High-intensity, metal halide discharge lamps, 
such as the aforementioned electrodeless lamps, 
generally provide good color rendition and high effi- 
cacy in accordance with the principles of general pur* 
pose illumination. However, the lifetime of such lamps 45 
can be limited by the loss of the metallic component 
of the metal halide fill during lamp operation and the 
corresponding buildup of free halide. In particular, the 
loss of the metal atoms shortens the useful life of the 
lamp by reducing the visible light output. Moreover, so 
the loss of the metal atoms leads to the release of free 
halide into the arc tube, which may cause arc instabi- 
lity and eventual arc extinction, especially in elec- 
trodeless high-intensity, metal halide discharge 
lamps. 55 

The loss of the metallic component of the metal 
halide fill may be attributable to the electric field of the 
arc discharge which moves metal ions to the arc tube 



wall. For example, as explained in Electric Discharge 
Lamps by John F. Waymouth, M.l.T. Press, 1971, pp. 
266-277, in a high-intensity discharge lamp contain- 
ing a sodium iodide fill, sodium iodide is dissociated 
by the arc discharge into positive sodium tons and 
negative iodine ions. The positive sodium ions are dri- 
ven towards the arc tube wall by the electric field of 
the arc discharge. Sodium ions which do not recorrv 
bine with iodine ions before reaching the wall may 
react chemically at the wall, or they may pass through 
the wall and then react outside the arc tube. (Nor- 
mally, there is an outer light-transmissive envelope 
disposed about the arc tube.) These sodium ions may 
react to form sodium silicate or sodium oxide by react- 
ing with a silica arc tube or with oxygen impurities. As 
more and more sodium atoms are lost, light output 
decreases, and there is also a buildup of free iodine 
within the arc tube that may lead to arc instability and 
eventual arc extinction. Furthermore, the arc tube sur- 
face may degrade as a result of the ion bombardment. 
Therefore, it is desirable to prevent the loss of the 
metallic component of the metal halide lamp fill and 
the attendant buildup of free halide, thereby extending 
the useful life of the lamp. 

Objects of the Invention 

Accordingly, an object of the present invention is 
to provide means for preventing a substantial loss of 
the metallic component of the metal halide fill of a 
high-intensity, metal halide discharge lamp and hence 
a substantial buildup of free halide, thereby extending 
the useful life of the lamp. 

Another object of the present invention is to pro- 
vide a protective coating for the arc tube of a high- 
Intensity, metal halide discharge lamp for preventing 
a substantial loss of the metallic component of the 
metal halide fill of a high-intensity, metal halide dis- 
charge lamp and hence a substantial buildup of free 
halide. 

Still another object of the present invention is to 
provide a method for applying a protective coating to 
the arc tube of a high-intensity, metal halide discharge 
lamp in order to prevent a substantial loss of the 
metallic component of the metal halide fill of a high- 
intensity, metal halide discharge lamp and hence a 
substantial buildup of free halide. 

Summary of the Invention 

The foregoing and other objects of the present 
invention are achieved in a new and improved protec- 
tive coating for the arc tube of a high intensity, metal 
halide discharge lamp. The protective coating of the 
present inventi n is of suitable compositi n and thick- 
ness to prevent a substantial loss of the metallic com- 
ponent of the metal halide fill and hence a substantial 
buildup ffree halide, thereby extending the useful life 
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of the tamp. In a preferr d embodiment, the protectiv 
coating comprises a layer of silicon applied to th 
inner surface of the arc tube, which layer is sufficiently 
thick to avoid a substantial loss of the metallic com- 
ponent of the metal ha lid e fill, but is sufficiently thin so 
as to allow only minimal blockage of visible light out- 
put from the arc tube. 

A preferred method for applying the protective 
coating to the arc tube involves a chemical vapor dep- 
osition process wherein the protective coating is ini- 
tially applied to both the inner and outer surfaces of 
the arc tube. The outer coating is subsequently 
removed by immersing the arc tube in a suitable 
etchant. 

Brief Description of the Drawing 

The features and advantages of the present 
invention will become apparent from the following 
detailed description of the invention when read with 
the sole accompanying drawing FIGURE which illus- 
trates a high-Intensity, metal halide discharge lamp 
employing the protective coating of the present inven- 
tion. 

Detailed Description of the Invention 

The sole drawing FIGURE illustrates a high-inten- 
sity, metal halide discharge lamp 10 employing a pro- 
tective coating 12 in accordance with the present 
invention. For purposes of illustration, lamp 10 is 
shown as an electrodeless, high-intensity, metal 
halide discharge lamp. However, it is to be under- 
stood that the principles of the present invention apply 
equally well to high-intensity, metal halide discharge 
lamps having electrodes. As shown, electrodeless 
metal halide discharge lamp 10 includes an arc tube 
14 formed of a high temperature glass, such as fused 
silica, or an optically transparent ceramic, such as 
polycrystalline alumina. By way of example, arc tube 
14 is shown as having a substantially ellipsoid shape. 
However, arc tubes of other shapes may be desirable, 
depending upon the application. For example, arc 
tube 14 may be spherical or may have the shape of a 
short cylinder, or "pillbox", having rounded edges, if 
desired. 

Arc tube 14 contains a metal halide fill in which a 
solenoidal arc discharge is excited during lamp oper- 
ation. A suitable fill, described in commonly assigned 
U.S. Patent No. 4,810,938 of P.D. Johnson, J.T. 
Dakin and J.M. Anderson, issued on March 7, 1989, 
comprises a sodium halide, a cerium halide and 
xenon combined in weight proportions to generate 
visible radiation exhibiting high efficacy and good 
color rendering capability at white color temperatures. 
For example, such a fill according to the Johnson et 
al. patent may comprise sodium iodide and cerium 
chloride, in equal weight proportions, in combination 



with xenon at a partial pressure of about 500 torr. The 
Johnson et al. patent is hereby incorporated by refer- 
ence. Another suitable fill is described in copending 
U.S. patent application of H.L. Witting, serial no. 
5 348,433, US-A-49721 20 filed May 8, 1989, and assig- 
ned to the instant assignee, which patent application 
is hereby Incorporated by reference. The fill of the Wit- 
ting application comprises a combination of a lanth- 
anum halide, a sodium halide, a cerium halide and 
10 xenon or krypton as a buffer gas. For example, a fill 
according to the Witting application may comprise a 
combination of lanthanum iodide, sodium iodide, 
cerium iodide, and 250 torr partial pressure of xenon. 
Electrical power is applied to the HID lamp by an 
is excitation coil 16 disposed about arc tube 14 which is 
driven by an RF signal via a ballast 18. A suitable exci- 
tation coil 16 may comprise, for example, a two-turn 
coil having a configuration such as that described In 
commonly assigned, copending U.S. patent appli- 
20 cation of G.A. FarraJi, serial no. 4 93, 266, filed March 
14,1990, which patent application Is hereby incorpo- 
rated by reference. Such a coO configuration results 
in very high efficiency and causes only minimal block- 
age of light from the lamp. .The overall shape of the 
26 excitation coil of the Fa mall application is generally 
that of a surface formed by rotating a bilaterally sym- 
metrical trapezoid about a coil center line situated In 
the same plane as the trapezoid, but which line does 
not intersect the trapezoid. However, other suitable 
30 coil configurations may be used, such as that des- 
cribed in commonly assigned U.S. Patent no. 
4,812,702 of J.M. Anderson, issued March 14, 1989, 
which patent is hereby incorporated by reference. In 
particular, the Anderson patent describes a coil hav- 
35 ing six turns which are arranged to have a substan- 
tially V-shaped cross section on each side of a coil 
center line. Still another suitable excitation coD may 
be of solenoidal shape, for example. 

In operation, RF current in coil 16 results in a 
40 time-varying magnetic field which produces within arc 
tube 14 an electric field that completely closes upon 
itself. Current flows through the fill within arc tube 14 
as a result of this solenoidal electric field, producing 
a toroidal arc discharge 20 in arc tube 14. The oper- 
45 ation of an exemplary electrodeless HID lamp is des- 
cribed in Johnson et al. U.S. patent no. 4,810,938, 
cited hereinabove. 

In accordance with the present invention, the pro- 
tective coating 12 applied to the inner surface of arc 
so tube 14 is of sufficient thickness to prevent a substan- 
tial loss of the metallic component of the metal halide 
fill and hence a corresponding substantial buildup of 
free halide. In addition, the protective coating must be 
sufficiently thin to allow only minimal blockage of vis- 
55 ible light output from the arc tube. Advantageously, 
since the metal component of the fill generates the 
visible radiation during lamp operation, the useful life 
of the lamp is ext nded by preventing a substantial 



4 



5 



EP 0 467 612 A2 



6 



loss thereat Furthermor t sine a buildup of fre 
halide typically causes arc instability and eventual arc 
extinction, preventing such a buildup likewise extends 
the useful life of the tamp. 

In a preferred embodiment of the present inven- 
tion, arc tube 14 is comprised of fused silica, and pro- 
tective coating 12 comprises a layer of silicon. A 
prelerred thickness of silicon coating 12 is between 3 
and 40 nanometers, with a more preferred range 
being from 10 to 20 nanometers. Silicon is a preferred 
protective coating because it has a relatively low ther- 
mal expansion coefficient and a high melting point In 
addition, silicon may be advantageously employed as 
a coating on fused silica arc tubes because it is chemi- 
cally compatible with silica and because it reacts with 
oxygen impurities to form silica. Moreover, for metal 
halide lamps having sodium as one of the fill ingred- 
ients, silicon is a preferred coating because it is a poor 
solvent for sodium and does not form compounds 
therewith. 

In another aspect of the present invention, a 
method for applying protective coating 12 to arc tube 
14 is provided. In general, a preferred method invol- 
ves a chemical vapor deposition process wherein the 
coating is initially applied to both the inner and outer 
surfaces of the arc tube. The outer coating is subse- 
quently either removed by immersing the arc tube in 
a suitable etcha nt or it is converted to a transparent 
oxide by heating the sealed arc tube in air. The follow- 
ing example illustrates the method of the present 
invention as applied to two electrode! ess, high-inten- 
sity, metal halide discharge tamps. 

Example 

Two electrodeless, high-intensity discharge 
lamps, designated herein as Lamps A and 8, each 
having a fused silica arc tube (20 mm outer diameter 
and 13 mm height) and an attached exhaust tube, 
were etched in a dilute HF solution, rinsed in de-ioni- 
zed water and then heated to 1100 C C in a dry 
oxygen/chlorine ambient at atmospheric pressure. 
After cooling, the arc tubes were placed in a low-pres- 
sure chemical vapor deposition tube, wherein they 
were heated to 625°C under vacuum conditions, and 
then exposed to an ambient of silicon hydride (SiH 4 ) 
gas at 300 mtonr for 1 .5 min. As a result, a 1 5 nanome- 
ter thick silicon layer was deposited on both the inner 
and outer surfaces of each arc tube. The outer silicon 
coatings were then removed by immersing the arc 
tubes for 30 seconds in an etchant solution composed 
of 5 parts HN0 3 , 5 parts acetic acid, 2 parts HF, and 
5 parts water. After rinsing and drying, the arc tubes 
were heated at 91 5°C for 30 minutes in an ambient of 
300 mtorr nitrous oxide. The arc tubes were then filled 
with sodium iodide (4.75 mg) and cerium iodide (2.25 
mg), after which the arc tubes were sealed onto a 
vacuum system, exhausted, outgassed, then filled 



with krypton at 250 torr, and finally sealed. 

Lamps A and B were each operated on a life test 
using a 250 Watt, RF power supply at 13.56 MHz 
which delivered current to a two-turn excitation coil 

5 surrounding the arc tubes. The lamps were period- 
ically removed from the life test to measure the tight 
output and the level of free iodine. The level of free 
iodine was monitored in each lamp by measuring the 
optical absorption at a wavelength of 520 nra The 

10 measured iodine levels in both Lamps A and 6 did not 
exceed 0.05 mg throughout life tests of 1600 and 
2600 hours, respectively. These levels were com- 
pared with those of arc tubes previously made and 
operated in the same way which exhibited free iodine 

15 levels of 0.1 7 mg iodine at 1600 hours and more than 
0.20 mg at 2600 hours. Moreover, while the arc tubes 
that were not coated with silicon exhibited increasing 
levels of free iodine that led to arc instability and even- 
tual arc extinctian, the coated arc tubes did not exhiblt- 

20 Increasing levels of free iodine, but maintained sub- 
stantially the same level throughout the life tests. 

While the preferred embodiments of the present 
invention have been shown and described herein, it 
will be obvious that such embodiments are provided 

25 by way of example only. Numerous variations, 
changes and substitutions will occur to those of skill 
in the art without departing from the invention herein. 



so Claims 

1. A high intensity discharge lamp, comprising; 

a light-trans missive arc tube for containing 
a plasma arc discharge; 
35 a fill disposed in said arc tube, said fill 

including at least one metal halide; 

excitation means for coupling electrical 
power to said fill for exciting said arc discharge 
therein; and 

40 s protective coating disposed on the inner 

surface of said arc tube of sufficient thickness to 
prevent a substantial loss of the metal component 
of said fill and a corresponding substantial buil- 
dup of free halide in said arc tube. 

45 

2. The lamp of claim 1 wherein said protective coat- 
ing is comprised of silicon. 

3. The lamp of claim 1 wherein said arc tube is corn- 
so prised of fused silica. 

4. The lamp of claim 1 wherein the thickness of said 
protective silicon coating is in the range from 
approximately 3 to 40 nanometers. 

55 

5. The lamp of claim 4 wherein the thickness of said 
protective silicon coating is in the range from 
approximately 10 to 20 nanometers. 
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6. The lamp of any one of claims 1 1 4, of electrode- 
less type, wherein said excitation means is an 
excitation coil disposed about said arc tube and 
adapted to be coupled to a radio frequency power 
supply for exciting said arc discharge in said fill. 5 

7. A method for manufacturing an electrodeless, 
high-intensity, metal halide discharge lamp hav- 

. ing an arc tube for containing a plasma arc dis- 
charge, comprising the steps of: 10 

applying a silicon coating to the inner sur- 
face of said arc tube; 

filling said arc tube with a fill including at 
least one metal halide; 

adding a buffer gas to said fill; and is 

sealing said arc tube. 

8. The method of claim 7 wherein said step of apply- 
ing said silicon coating comprises: 

enclosing said arc tube in a chemical vapor 20 
deposition container, 

decomposing silicon hydride at a suffi- 
ciently high temperature in said container so that 
a layer of silicon forms on the inner and outer sur- 
faces of said arc tube; and 25 

removing the layer of silicon from the outer 
surface of said arc tube. 

9. The method of claim 8 wherein said step of 
removing the layer of silicon from the outer sur- so 
face of said arc tube comprises immersing said 

arc tube in an etchant. 

10. The method of claim 7 wherein said step of apply- 
ing said silicon coating comprises: 35 

enclosing said arc tube in a chemical vapor 
deposition container; 

decomposing silicon hydride at a suffi- 
ciently high temperature in said container so that 
a layer of silicon forms on the inner and outer sur- 40 
faces of said arc tube; and 

heating said arc tube in the presence of air 
so as to convert the layer of silicon on the outer 
surface thereof to a substantially transparent 
layer of silica. 45 
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(54) Protective coating for high-intensity metal halide discharge lamps. 

@ A protective coating (12) of suitable compo- 
sition and thickness is applied to the inner 
surface of the arc tube (14) of a high-intensity, 
metal halide discharge lamp (10) in order to 
avoid a substantial loss of the metallic compo- 
nent of the metal halide fill and hence a sub- 
stantial buildup of free halide, thereby 
extending the useful life of the lamp (10). A 
preferred lamp structure includes a fused silica 
arc tube (14) with a silicon coating (12). The 
silicon coating (12) is preferably applied to the 
arc tube (14) using a chemical vapor deposition 
process. 
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